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Date Performed: 6/14 and 6/198/72

‘Measurement:

The main ring beam positions x and y, and full rms widths Wx
'anﬂfwy_&re-obﬁervad using Mike Shea's ion-profile monitor located
‘near the downstream end of medium-straicht ¥ {SX = ﬁy = 53m) .

The results are:

t = time after injection

total profile-monitor current
beam current

T o=

total profile-meoniter current
central {peak) strip current

vf on at injection
Parabola of magnet ramp: 150 msec - 350 msec

Magnet ramp: 200 GeVv
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Horizontal
{in) {in)
{msag) gﬂrbltxaxy§ ﬁfhltraryz gkrblﬁr&zy
3 unal % 22X __§ 5 _un:a*t:
I 10 0.96 0.10 049 0.54
430 0.97 -0, 02 0.40 0.39
Tl 60 0.79 -0.01 0.30 0.33
g 1100 0.63 0.13 0.33 0,36
1310 0.94 0,05 0.25 0.25
I J .
1205 0.88 ~-0.06 0.30 0.29
B0 0.91 -0.21 0.33 0.33
8
81350 0.92 -0.34 0. 30 0.30
'vérﬁiﬁal
t xr W I
¥ -
| (in) (i)
msac) §Arbiiraxy} {ﬁrbitz&ry} ‘Arbitrary
3 unit zero L unit
30 0.64 0.00 0.42 J.45
§ 50 0.44 0.02 0.48 0.49
gl1i00 0.48 ~0.01 0.47 0.48
150 0.63 0.03 0.41 0.40
‘wfz00 0.63 0. 04 0. 44 0,44
21250 0.62 0.0% 0.42 0.41
o ) .
%1300 0.63 0.14 0.38 0.37
350 0.62 0.17 0..37 0.38

450 Q.65 0.15 0.30 0.30
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Dhssrvations:

1. The values of r give a calibration of the total profile~monitor
current against the bean current. Except for a few entries
{(Horizontal t© = 60 msec and 100 msec, Vertical t = 50 msec
and 100 msec) the constancy of r shows that the profile-monitor

Lurraent is a good measure of the beam current.

2. The velues of % and v shows that as the beam is accelerated
it moves inward and upward until at the end ¢f the parabola
ramp it has moved inward by 0.34" and upward by 0.17" at
the location of the profile monitor. The measurement at
70 GeV shows the closed orbit to be inward by 0.6% and down-
ward by 0.1" at F17. This would indicate that the injection
orbit is steered roughly on center horizontally but roughly

0.4% below genter vertically.

3. The beam horizontal rms width decreases on the porch Ffrom
~0,5% at injection to ~0.3". On the parabola the beam width

ramaing roughly constant at ~0.3%.

4. The beam vertical rms height remainsg roughly constant on the
poreh at ~0.45%% and decrsages on the parabola to ~0.3" at the

end of the parabola.

5. In both planes the values of I foullow the beam widths WX and

%y guite wall,
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Interpretation and Analysis:

The Ffact (item 5 above) that the valués of I f6llow the beam
widths is consistent with the assumption that the beam current
depends only on the maximum oscillation amplitude in the beam,
In the normalized Floguet phase plane (designated as x,x') the

beam fills up a circular area as shown. The tobal profile-monitor

3 current given by the area of the
;5 g“h circle is proportional to %E

i 9## é - where A ig the radius of the

(5 circle or the maximum oscillation
4t amplitude or the beam width. The

central strip current given by the
shaded band is proportional to A, Hence

_ botal profile-monitor current &E

" central strip current = A

‘and wouwld follow the beam width.

The.mmgt_@raminent'featmre.aﬁ items 3 and 4 above is that on
the porch particles with large horizontal amplitude are lost slowly
while the maximum vertical amplitude remains roughly constant. This
indicates immediately that the particles are not lost by gas scatter-
iﬁg-wﬁich affects particles with large and small amplitudes egually
and ‘which tends +to broaden the beam rather than making it narrower.
‘The only consistent loss mechanism is that large horizontal oscilla~-
tiong are coupled over to the vertical plans by the vx.: vy TEEO-
nance and beam 1§ lost on the vertical aperture limit. The no~more-

e

loss beam rms widthsg seam to be W, = Wy = (§.3%, If we take
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BWK = ZWY = (.67 as the maximum beam sizes, when the x-amplitude
is totally coupled over to y the vertical beam size will be

0.6" x V2 = 0.85", which is a reascnable value for the present
vertical aperture limit, taking into account the vertical closed-

orbit distortions and bending-magnet misalignments. This also

0.85"
2

ually being leost on the vertical aperture limit. Immediately

gives = 0.43" for Wy on the perch when the beam is contin-
after injection when the maximum beam sizes are ZWX = 2WY = (.85"
if the w-amplitude is totally coupled over toc y the vertical beam
size of 0.85" x ¥2 = 1.2% is too large for the vertical aperture
limit.

To investigate more closely the coupling mechanism we start

with the coupled equations

" 2oy = = &
A A Cy prime = =z
s . r2 /3 BX\>
4] . o = e éf = i ®
v vy Cx C Bp %ax / skew guadrupole field
The solution which gives x = 1, x' = 0 and v = y' = 0 at 6 = 0 is
I . B . .
] 1+ aE@ 1{vu vv)e lvuﬁ B xvue
- = 5 e = Axe
g i+ a
" i(v, ~v_)6] iv_8 iv, 8
Ly = wm%mm§ [l - @ ¢V } e ' = he v
k. 1+ a ! ¥

where
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JA_ 1%+ lai® =1
-4 W
_, 2 - .
+ ac D & Vy
L2 = 2 2 a2 2y
Ve TV, T ac Vi v = iggx @y; b B
; vz . vz
. 1’&_%2 - 'E'_ - ey . 7
= Q\ b F = 2(: #
2 -
1 o~ & £
A= A Lo = = et
® K omin 1+ az 31 T E
Ly Ty max gy, h o
at {v&wvvja = 7 or at
turn npunber n . N T
R 2w E{V ) .
For Ve =V + éy vy B R e gﬂaﬁd with the approximation
y
we have
fy 2y k{585
RS A
v By - = s+ 28]
s l S i 2--- .
SR JU-te) £ 8 =y a = Ji+g = £ .
Egﬁ + =i
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If further § = 0 {(exactly on resonance)
4 c
{ = e
§ Vi, v ot S
v T Y T 3w
Ax min 0
M\ at n:l..
A - 1 2C
LY max
i.e. the x-oscillation is totally coupled over toc vy in n = %5
turns.

In the main ring there are two possible sources for the coupling

constant C.

1. Roll error of the main guadrupoles

For one 7' guad (£ = 2.1336 m) with a roll error of

o = 1 mrad we have

o=

= $.013.

r? /OBl 2am? /PBy\ _ pom? gggy} %
Bp \3x / = Bp \3x / Bo 8w ) 27R

However, we expect that the skew-guadrupole field dus to

roll errors of all guadrupoles will average to zero.

2. Unbalanced bending magnet and

The inner-coil end of a bending magnet produces a skew—

guadrupole field. The measured value is for each end
C = 0.01.

Thus, when we are sitting exactly on resonance (vX = vy}

the x~oscillation will ke totally coupled over to v by a single

unbalance bending magnet end in n = %E = 1000 turn or in ~21 msec.
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This is a little too fast. It ig more likely that the resonance
Vo= Uy is crossed back-and-forth by some mechanism. Candidates
a. Quadrupole ripple--Ideally, the guadrupole ripple
affects Ve and Uy in the same manner g0 that § = vxwvy
is not varied. But deviations from ideal may cause

6 to wobble with the guadrupole ripple, thereby crossing

§ = 0.

b. Phase oscillation=~If the momentum excursion is
é%-m-iﬁms and if the remanent sextupole field in the
bending magnets is not compensated we get an excursion
in § = vxmvy of ~200 é%-w 0.2. EBven i1f the remanent
sextupole field 1s partially compensated it is still

possible that the tunes are wobbled by the phase oscilla-

tion to cross § = 0.

Suggested Checks and Experiments:

1.

Similar ion-profile monitor measurements made at various times

on_the same pulse would produce much cleaner and clearer

evidence. It would be preferable to lengthen the front porch

toe follow the couple-over over a longer period of time.

If the regonance Vo = vy is indeed crossed by phase oscillation,
turning off the rf on the porch should reduce the couple=~over

and hence, reduce the beam-lcogs rate.

Trim sextupoles should affect the excursion in § due to phase

oscillation, thereby affecting the beam~loss rate on the rorch.
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A good measurement of the dependences of Vo am&-vy on é% with

given settings of the trim-sextupoles would be vexy useful.

With a given wobble of §, either the trim~guadrupcles oxr the
tune splitter should shift the central value of &. This may

be used to shift the entire range of excursion of & away from 0.

Ultimately, we should reduce the coupling constant C by replacing
all improper bending magnets in the ring to pair off all up and

down coil ends.

L. C. Tenyg



